I show that after accounting for predictable variation arising from movements in real interest rates, preferences, income shocks, liquidity constraints and measurement 
Introduction
By now it is well documented that volatility of individual earnings increased substantially from the 1970s to early 1980s, was stable in the 1980s to early 1990s, and began to increase again since the mid 1990s.
1 Volatility of family income, both its permanent and transitory components, also increased substantially since 1970s.
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Greater income uncertainty, however, may not necessarily translate into welfare losses if people can find ways to smooth consumption. Having a good measure of the volatility of household consumption is thus fundamental to assessing whether, and to what extent, welfare was affected by increased income shocks. I provide a novel way to compute household level volatility of consumption, after accounting for predictable variation arising from movements in real interest rates, preferences, income shocks, as well as liquidity constraints and measurement errors, and show that examining changes of average income uncertainty might not be enough.
I use data from the Panel Study of Income Dynamics (PSID), the only source of panel data in the US that provides information on consumption, income, wealth and demographic characteristics at the level of disaggregation that this study requires. Given that the PSID consumption data is restricted to food, 3 the results are based on food consumption data 4 and therefore provide a conservative estimate of volatility of total household consumption.
In order to make such exercise more realistic, I allow household utility function to be nonseparable between consumption of food and other nondurables. The unit of observation is the household, the level at which consumption data is collected, and the unit relevant to 1 See for example, Moffitt and Gottschalk [1994 , 1998 , Dynarski and Gruber [1997] , Haider [2001] , Hacker [2006] , Dynan et al. [2007] , Keys [2008] , Shin and Solon [2008] , Jensen and Shore [2008] . 2 See for example Dynan et al. [2007] , Keys [2008] , Shin and Solon [2008] , and Jensen and Shore [2008] .
3 Expenditures on utilities, vehicles, and repairs are available but very sparse. PSID also provides data on housing costs. 4 Another frequently used source of consumption data on household level, Consumer Expenditure Survey, is unsuitable for this study as it has a very short time dimension of only four quarters. CES data would require implementation of synthetic cohort techniques, which are inappropriate for this study as discussed in some detail in the next section.
most consumption decisions. The estimation recognizes and consciously controls for the fact that household consumption might change with changes in household composition.
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The theoretical literature on consumption volatility suggests that consumption is volatile because its growth rate responds to changes in permanent income and to unanticipated changes in transitory shocks (Campbell [1987] ). For individuals who are liquidity constrained, consumption growth tracks some predictable changes in income as well (Meghir [2004] ). 6 The implications for volatility of consumption are clear: if agents are unable to smooth consumption, volatility will be high.
I use a consumption model with nonseparable preferences for food and other nondurable goods, that also allows for measurement error in consumption and liquidity constraints. I find that after accounting for predictable variations in consumption due to changes in family composition and structure, real interest rates and income uncertainty (as a proxy for precautionary savings), and after controlling for measurement error in consumption, nonseparability of preferences, endogeneity in savings, and liquidity constraints, mean volatility of household food consumption increased between 1970 and 2004 by 6.5 percentage points or by 20 percent. Since a part of this increase is due to measurement error, the growth rate in volatility is likely to understate the actual percentage change. 7 I find that for households 5 I control for household composition by including change in a number of adults, a number of children in the household, and a change in marital status variables. A different concern is that some household decisions are not necessarily collective. Without priors on how the intricacies of intra-household decision making should affect the consumption volatility measure, I do not attempt to establish or disentangle this possible decision making effect. 6 Zeldes [1989] finds that for liquidity constrained households, defined by low asset holdings, growth rate in consumption responds to lagged income, while it does not for unconstrained households. Jappelli et al. [1998] show that using more direct measures of liquidity constraints than simple asset splits, the response of consumption growth to lagged income for the liquidity constrained households is even more significant than what Zeldes [1989] had demonstrated. 7 The issue of measurement error arises if the assumption of stationarity of the growth rate of the measurement error is not satisfied, or if liquidity constraints are not fully controlled for. Thus, in this paper I always provide information on percentage point changes in addition to growth rates or levels in volatility series.
3 headed by nonwhite and/or poorly educated individuals, rise in volatility was significantly larger than for the average household. For households whose head was nonwhite and had no more than 12 years of education, volatility increased by 17 percentage points (or 53 percent).
On the other hand, volatility rose by only 2 percentage points for households with more than 12 years of education irrespective of race of their head. Households whose marital status did not change throughout the sample in comparison to those whose status did change, experienced a much smaller increase in volatility, 3.6 percentage points versus 6 percentage points, respectively.
This work is directly related to the large literature on income and consumption inequality. 8 The main finding of this literature is that income inequality in the United States has increased over the last several decades and that this increase was at least partly attributable to the rise in transitory income shocks. Cutler and Katz [1991a,b] and Johnson et al. [1997] document that the sharp increase in income inequality of the early 1980s has been accompanied by an increase in consumption inequality. But Krueger and Perri [2006] point out that the increase in consumption inequality was less than that of income inequality, which is also consistent with Slesnick [2001] . Storesletten et al. [2004] find that inequality in earnings and consumption increases substantially between ages 23 and 60, though the increase in consumption is less than the increase in earnings, and that the increase in both is approximately linear. Keys [2008] adopts Moffitt and Gottschalk [1994] methodology and also finds that both transitory and permanent components of income and consumption shocks increased since 1970, particularly among low-income households. Krueger and Perri [2006] conjecture that the increased income uncertainty was not only an important reason for the increased income inequality, but also helped the development of financial institutions which in turn allowed consumers to better insure against income risk.
The findings of this paper, that realized consumption risk, computed using a temporal mea-8 See for example, Baker [1997] , Gottschalk [1997 ] Moffitt and Gottschalk [1994 Barlevy [2004] ). 10 A back of the envelope calculation using the magnitude of the increase in volatility and its concentration among the disadvantaged groups, that this work documents, suggests a substantial increase in social cost during this period, between 1 and 2 percent of aggregate consumption per year.
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The rest of the paper is organized as follows. Section 2 describes PSID data used in the estimation and documents average variance of household consumption growth. In section 3, consumption model with nonseparable preferences, liquidity constraints and measurement error is presented and solved. Section 4 describes estimation of liquidity constraints, prefer- 12 Current work on inequality utilizes CEX data by constructing synthetic cohorts. This strategy is inappropriate here as my main concern is to provide a measure of temporal volatility for each household.
Synthetic cohort techniques would require aggregation within cohorts, which in itself introduces a lot of data smoothing, and is exactly what I want to avoid. I plan to extend this study, at later date, by combining information from both PSID and CEX surveys. The information obtained from the two surveys will provide a more complete understanding of uncertainty faced by households in the US. It is unclear though whether this extra information will bring more benefit than cost, as it will introduce extra model uncertainty. Thus, interpretation of results on evolution of residuals squared might not be as clear cut as they are now.
6 in other studies of household consumption behavior, 13 and I feel that its use here enables complementarity and comparability with these studies. My utility specification will allow for the nonseparability of food consumption from other nondurable consumption goods in the utility function. I also disaggregate food consumption into subcategories in order to study the effect of shocks on normal (food at home) versus luxury (food away from home) good and show that this does not alter the results or conclusions. Since food consumption is well known to have low income elasticity, (see for example, Bunkers and Cochrane [1957] ), the results presented in this study are a lower bound of what might have actually happened to volatility of total nondurable consumption.
The core sample contains data from 1968 to 2005, and consists of heads of households (both female and male) who are not students and are not retired. I keep households whose head is at least 25 years old but less than 65. I drop all the households that belonged to the Latino or Immigrant samples, and those that were drawn from the Survey of Economic Opportunity (SEO). Households that report negative or zero food consumption levels (that is a sum of food at home plus away from home plus food stamps) are also eliminated. In order to minimize effects of outliers on the results, I follow the literature by dropping households who report more than 300 percent change in family income or food consumption over a one year period as well as those whose income or consumption fall by more than 33 percent (see for example Zeldes [1989] ). I also estimate results allowing change in log income to be outside these bounds to allow for major changes in household's income such as for example entrance and exits from unemployment. Definitions of all the variables used are included in the Appendix. Summary statistics can also be found in the Appendix, Table 5 .
The most important issue to note regarding the data is that it became biennial after 1997. 
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to the income/consumption data in the biennial sample are discussed in the data Appendix. Hollow circles for volatility computed on annual growth rates, and filled circles for biennial data; with 95% confidence intervals.
Preliminaries for Volatility of Household Food Consumption
main differences are between white and nonwhite households. While mean volatility increased across all groups, white households experienced a lower level and a lower growth rate in volatility than nonwhite households.
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Figure 3 depicts volatility disaggregated by family types. Continuously married or cohabiting households experienced a much lower increase in volatility of consumption than single parent households. It is worth noting that though volatility increase is statistically significant for both groups, consumption volatility of single parents is substantially more variable than that for married households. Davis and Kahn [2008] using cross-sectional data from Consumer Expenditure Survey which has a very short panel dimension -4 quarters of data over one year, compute volatility of consumption as absolute value of log change in consumption expenditures for each household and then average over households. They also find that volatility of total non-17 In what follows, whenever I refer to a family by a demographic category, I always refer to the head of the household. Thus, if I call a family white, it means that the family is headed by a white individual. The measure of volatility of food consumption presented in this section and that used by Davis and Kahn [2008] is purely descriptive and might suffer from measurement error, we might be observing an increase in volatility that is due to increased skill premium or simply life-cycle considerations, or preference shocks, all of which will have different welfare implications. In the next two sections I present a semi-structural model that is used to decompose variations in the growth rate of consumption into predictable (those due to anticipated shocks to preferences, interest rates, and precautionary saving motive) and unpredictable components. I will show that the descriptive statistic used here give the same qualitative result as volatility of household consumption computed on unpredictable shocks. Hollow circles for continuously married households, and filled circles for continuously single individuals with children; with 95% confidence intervals.
A Consumption Model
From standard consumption theory we know that household's consumption responds to predictable and unpredictable changes in preferences or demographics (including family composition, labor decisions, health status, and others), discount rates, real interest rates, current and future labor income and other wealth, and idiosyncratic shocks. Households are unable to insure against unpredictable shocks, with the consequence that an increase in unanticipated risk would directly increase volatility of consumption especially if households have limited ability to smooth out these shocks. Since families desire to smooth consumption, such an increase in volatility would have a negative impact on welfare, other things being equal. Thus, it is critical to study the evolution of unpredictable, in addition to, predictable uncertainty of household consumption. The consumption model outlined below will allow us to do exactly that.
Consumption growth varies with preferences or demographics, the risk free interest rate, anticipated income shocks, cash-on-hand relative to future wealth, and idiosyncratic risk.
To see this, consider a typical Euler equation.
where h stands for household and t for time; C h,t is real consumption of family h in period t; θ h,t are family h ′ s tastes; δ h is its rate of time preference and is assumed to be household specific but time invariant; E t is the expectation operator, conditional on information available at time t; r h,t+1 is the ex post real return on risk free asset held by family h between periods t and t + 1; λ h,t+1 is the extra utility that would result from borrowing an extra dollar, consuming it, and reducing consumption the next period accordingly to repay the debt. If λ h,t+1 > 0, the liquidity constraint is binding and the family cannot borrow, and thus will have to consume out of current assets.
In order to allow for precautionary savings and nonseparability of preferences between consumption of food and other nondurables, 18 and to be able to take the model to the data, I assume that the utility function takes the constant relative risk aversion form, such that
where F h,t is food consumption and O h,t is consumption of other nondurable goods, such that p
; α and β are share parameters measuring the importance of consumption of other nondurable goods relative to food and visa versa; and γ controls the degree of relative risk aversion.
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The above Euler equations with respect to food consumption will now become:
18 As pointed out by example Attanasio and Weber [1995] , Meghir and Weber [1996] , Banks et al. [1997] it is important to control for nonseparability of food consumption relative to consumption of other goods. 19 The coefficient of relative risk aversion with this utility specification is given by
Intertemporal elasticity of substitution for food consumption is pinned down by
The assumption of the iso-elastic form for the utility function means that, in a world without uncertainty, an increase in lifetime wealth will lead to a proportionate increase in consumption. This form also assumes that utility is time additive.
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It is well known that consumption is measured with error. To control for this error, so that it can later be excluded from volatility calculations, consider that true food consumption F h,t is given by:
where F h,t is measured consumption of household h at time t as reported in PSID, and ψ h,t is measurement error.
Taking natural logs of Euler equations (with respect to O h,t+1 and F h,t+1 ), and then a second-order Taylor expansion of expectations errors, we can log linearize these Euler equations as:
where
where ξ i h,t+1 , i = {O, F }, subsumes higher order terms, variances of interest rate and preference shocks as well as covariance terms, that are assumed to be of smaller magni-20 Attanasio and Low [2004] show that a log-linearized Euler equation for consumption yields consistent estimates of the preference parameters when utility is isoelastic and a sample covers a long time period. The requirement on the length of the panel is imposed in order to tackle estimation problems that arise due to the presence of liquidity constraints.
) is the variance of the expectation error conditional on information available at time t, which in turn is used as a proxy for precautionary saving as it captures the effect of risk on household's consumption.
21 I follow Alan et al. [2005] in assuming that measurement error is stationary and independent of all the regressors, including lagged values of the measurement error and expectations error, consumption levels and interest rates. Thus, I do not require a specific distribution or a unitary mean. These assumptions allow me to write the expectations of the growth rate of the measurement error
Substituting (5) into (6) and rearranging the terms gives us:
To summarize, the growth rate of household food consumption, ∆ln (F h,t+1 ), is a function of anticipated changes in demographics or preferences ∆θ h,t+1 and risk free interest rate ln(1 + r h,t+1 ), the shadow price of borrowing an extra dollar ln(1 + λ h,t ), personal discount rate ln(1 + δ h ), on changes in food prices, ∆lnp 21 See Browning and Lusardi [1996] for a comprehensive review of the literature on the precautionary saving motive.
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The decomposition of consumption growth into predictable and unpredictable parts using this Euler equation (7), is the first step in the volatility decomposition strategy. In the next subsection I discuss estimation strategies for each component of the Euler equation, and in section 5, I present the results of the decomposition.
Since PSID became biennial after 1997, I also estimate volatility of consumption on biennial growth rates. The Euler equation holds for two year growth rates with some important changes:
Estimation

Liquidity Constraints
When liquidity constraints are not binding, λ h,t+1 = λ h,t+2 = 0, and equations (7) and (8) are greatly simplified. If liquidity constraints are ignored, then their presence will show up in the error term. Given that the last 30 years saw a boom in credit markets it is reasonable to assume that liquidity constraints have relaxed or at the least remained unchanged. 22 If liquidity constraints have relaxed over time, then the estimation results of the Euler equation will be biased and the squared residuals will be on average underestimated in the later half of the sample. Since the purpose of this paper is to understand the evolution of consumption risk, unbiased estimation of Euler equation coefficients is a secondary goal.
I run all the estimations on the full sample, where the only requirement is that the food consumption is positive and both income and consumption growth rates are within reasonable bounds. 23 I then gradually increase the constraint and separate the sample into liquidity constrained and unconstrained households based on income and consumption levels and growth rates, and net wealth information.
To classify household as unconstrained I use information on the amount of net wealth each household owns during previous year. 24 Since PSID has sparse information on wealth holdings, 25 I supplement it by including households with positive asset income. 26 Thus, unconstrained households are those with nonnegative net worth and/or positive asset income,
22 Torralba [2006] finds that between 1970 and 1998, the proportion of all US households that had at least one credit card grew from 16% to 68%, and that credit card ownership in the lowest income quintile went from 2% to 25% and the highest from 33% to 95%. 23 As already mentioned, I drop observations if absolute value of the change in log consumption or log income is above 1.1. I also run all the regressions allowing income shocks to be unconstrained by these limits, thus effectively allowing large negative or positive shocks to income, due for example to entrance or exit into/from unemployment. Qualitative results outlined below are all the same, but much stronger, as is not surprising, they are available upon request. 24 This strategy is very similar to the one employed by Zeldes [1989] or more recently by Parker and Preston [2005] . 25 Wealth information is available for 1984, 1989, 1994, 1999 , and biennially thereafter. Net worth was calculated as the sum of the net values of the following assets owned by the households: real estate other than main home, vehicles, farms or businesses, private annuities, IRAs, money in checking or savings accounts, money market funds, certificates of deposit, government saving bonds, Treasury bills, and any other savings or assets; minus any other debts held by a household. 26 Positive asset holdings are inferred from information on total asset income which is available for every year of the survey. Total asset income is a sum of income from rent, dividends, interest, trust funds and royalties.
positive food consumption, and reasonable growth rates of food and income.
This split might be too restrictive in a sense that I might be counting as constrained those households that were actually unconstrained, since households with zero net worth could still be able to borrow. But Jappelli et al. [1998] find that only 12 percent of the households classified as liquidity constrained by the asset split method are actually unconstrained.
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Loosing these unconstrained households will lower the power of my estimated coefficients, but it will not bias the results.
Households can transition between these categories as time passes. Thus, if a household with zero net worth one year has negative net worth next year, it will switch from being classified as unconstrained to constrained group.
Preference Shocks
I postulate that preferences, θ h,t , are a quadratic function of age and family structure, and can be modeled as follows:
where N h,t is a measure of size of the household h at time t which is proxied by number of adults and number of children in the household, (see Appendix Table 6 for details); MS h,t is a dummy for household's marital status (I consider 4 different types of family structures:
cohabiting, never married and single, divorced/separated, and widow/widower), Edu h is a dummy for all but one of the four educational attainment categories attained by the head of the household; 28 and (ω h + η t + u h,t ) are unobserved shocks to preferences that include household specific shock ω h , aggregate shock η t and idiosyncratic shock u h,t .
27 Jappelli et al. [1998] find that households with less than college education, unemployed, or younger than 38 are more likely to be turned down for a loan. Lyons [2003] finds that borrowing gap has narrowed since 1983 and most dramatically between 1992 and 1998. But that individuals younger than 35, who are black, or poorly educated continued to be constrained, though the constraints have loosened for them as well. 28 In the sample, education is time invariant since I include households during their midlife, 25 to 65, and exclude students. I consider four educational attainment categories: no high school diploma, high school diploma, some college education but no Bachelor's degree, and at least a Bachelor's degree.
Taking time difference of (9), 29 preference shocks can be modeled as:
Thus, preference shocks are a function age, changes in family size and its structure, aggregate shocks, and idiosyncratic shocks.
Precautionary Savings
The precautionary saving motive depends on the household's expectations about the uncer- 
as a way to account for cash-on-hand relative to expected income.
I model family income process as:
where X h,t captures the predictors of income growth, and ν h,t+1 the idiosyncratic shocks to income. In individual labor income models, these regressors are usually proxied by age, age 31 This is a standard model of the income process, see for example MaCurdy [1982] or Hall and Mishkin [1982] for the early treatment, or Banks et al. [2001] for a more recent study.
squared, dummy variables for education, occupation and industry categories, and interactions between age, age squared and education, sex and race indicators. Since in the present case I am interested in the family income process, I redefine these parameters as those pertaining to the head of household, and include additional parameters, such as head's marital status, number of hours worked by head and his partner, and the number of children in the household. I allow the coefficient ϑ g to be group specific and define groups by race (white or nonwhite), sex and educational attainment categories (less than 13 or at least 13 completed years of education).
The disturbance term, ν h,t is composed of aggregate shocks and household specific shocks to permanent and transitory family income. I assume that households are unable to distinguish between these shocks.
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The squared residual from equation (11), adjusted for cash-on-hand relative to current income,
2 is a proxy for precautionary saving motive. 
Euler Estimation Revisited
The estimation strategy allows for household fixed effects to account for measurement error and discount factors. 34 To control for the possibility that labor decisions are not separable from the marginal utility of consumption, I include the change in the total number of hours 32 By 'not distinguishable' I mean that a household observes a shock to income, but is unable to distinguish between the three different shocks, and even if it is able, the households is unable to disentangle the size of each shock. 33 In the previous version, I used stochastic variance of income shocks adjusted for cash-on-hand as proxy for precautionary savings motive, but found that this variable did not have a good explanatory power in the regressions unlike the variable used in this paper. As a recent paper by Kaplan and Violante [2008] point out that putting too much structure on income process, especially if it is a wrong structure, might be misleading, I allow more flexibility in this version of the paper. 34 Households that expect consumption risk will be higher in the future might behave as a liquidity constrained household (or perceive a higher discount factor) even though they are not actually constrained.
Thus, I include household fixed effects under an assumption that household's discount factor is time invariant. Notice also that I exclude ∆η t+1 from the regression since its presence would lead to misidentification of parameters, as I would be unable to disentangle its effects from those of ln(1 + r h,t+1 ).
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worked by the head of the household and by their partner.
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To address endogeneity that arises due to the second and higher-order terms in the residual, it is typical to estimate the model using as instruments information known at time t. 36 The instrument set includes lagged terms of all the parameters in the Euler equation, and lagged family income and food consumption growth squared. I correct for heteroskedasticity and intragroup correlation (by allowing for time clusters).
The results of Euler equation estimations are illustrated in the Appendix, Table 8 provides results based on annual growth rates and Table 9 on biennial data. The sample is broken down by education, households whose head has high school degree or less, and those with more than a high school degree; households without changes in their marital status and continuously married households. 37 It is interesting to note that the proxy for precautionary savings is significant, at different levels, for all but one specification. On the other hand, the coefficients on food price inflation are insignificant in all cases and are significant for two specifications for inflation in other goods. When I do not restrict ∆lny t ≤| 1.1 |, coefficients on real interest rates and on price changes are significant at 10 percent level.
The overall significance of all the regressions is high, with the exception of that for low educated households. The tests for the validity of instruments and their appropriateness are all reasonable.
When preferences for food and other goods are assumed to be separable such that
, the estimates of the coefficients of the Euler equation are consistent with the literature. Attanasio [1999] documented that research up to that point found this coefficient to be 'just below' 1.
coefficient changes slightly when I allow it to differ by groups. When tighter liquidity constraints are imposed on the sample, estimate of the intertemporal elasticity of substitution is not different from 1.0 at a 5 percent level of significance.
Evolution of Consumption Risk
To summarize the time trend in the data for each group g in a simple way, I run a pooled regression that allows for a time trend:
where ς 2 h,t+1 is the squared residual from estimating equations (7) or (8) depending on the frequency of the data used; and β g,0 reflects the average variance of the measurement error, which I assumed to be stationary for each household. If the constant is well estimated, we can then analyze volatility changes in addition to its levels. Tables 1 and 2 show that for the sample as a whole, as well as for all the disaggregations that are reported, the coefficient of consumption risk on the time trend is highly statistically significant. Coefficients in these tables are robust to heteroskedasticity and within group correlations. Consumption risk for the entire sample increased by 6.5 percentage points between 1970 and 2004, or by 21 percent, when estimated on annual growth rates; it increased by 5 percentage points or by 19 percent when estimated on biennial data.
What happened to household consumption volatility?
Examining first annual growth rates sample, several interesting results are apparent. or by 30 percent since 1970, where as this increase was substantially smaller for households with more education, 3 ppts. (or 11 percent). In contrast, households whose marital status did not change throughout the sample saw a smaller increase in volatility when compared to the sample as a whole. For these households, volatility increased by 3.6 ppts. or by 13 Either simple robust standard errors or robust standard errors with household or year clusters in parentheses * significant at 1%, ** at 5%, † at 10%, and ‡ at 15%.
percent. On the other hand, if household's marital status did change throughout the sample, and they were married at some point of time, their consumption risk increased by 6 ppts. or by 20 percent. The same increase was felt by single parents. Singles on the other hand, saw a smaller increase of 4ppts. or 11 percent. Thus marriage per se does not necessarily lead to greater economic stability whereas continuous marriage does, or in other words, changes in marital status constitute a great drain on household welfare.
Disaggregating the data a bit further shows that nonwhite households were particularly badly hit (see Tables 11 and 12 There do not appear to be significant differences in evolution of consumption risk by Either simple robust standard errors or robust standard errors with household or year clusters in parentheses * significant at 1%, ** at 5%, † at 10%, and ‡ at 15%.
gender of the head of the household or by the marital status. I find that even though the increase in volatility for single parents is significant, it is not statistically different from that experienced by married households. In fact, volatility has a negative trend for single parents with at least 13 years of education, it falls by 3 ppts. or by 10 percent over the period, whereas it rises by 5 ppts. (or 18 percent) for married households. Part of the finding regarding single parent households could be due to measurement error due to changes in liquidity constraints for these households. On the other hand, this result could be due to the fact that volatility experienced by single parents is mitigated by public insurance schemes.
Another possible explanation might be that since average income of single parents is lower and income volatile is higher than that of married households Shore [2009] , they have very little room to change their food expenses, and food for them is a necessary rather than a normal good.
39 Table 2 gives results for evolution of volatility of food consumption computed on biennial 39 Disentangling the reasons behind this observation is left for future research. Either simple robust standard errors or robust standard errors with household or year clusters in parentheses * significant at 1%, ** at 5%, † at 10%, and ‡ at 15%
data. The conclusions are qualitatively the same as those outlined for annual data. The only exception is that the trend on biennial data gives a much steeper increase for poorly educated sample, 19 ppts (or 81 percent).
Similar results hold if separable utility function is assumed instead. Table 3 illustrates that all the results are highly statistically significant, and that for a sample as a whole, volatility increased by 7 ppts. or by 23 percent. It increased by 9.4 ppts. (or 31 percent) for those households with less than 13 years of education, and by 2.5 ppts. (or 8 percent) for those with at least 13 years of education. Again, the increase was less pronounced for those households for whom there was no change in marital status during the entire period. Table 4 shows that if tighter liquidity constraints are imposed, the increase in volatility does not disappear, but rather strengthens. The finding that volatility increased by much less for liquidity constrained households could be due to, as already mentioned above, underestimation of the increase due to changes in liquidity constraints, and on the other hand, the fact that liquidity constrained households treat food as a necessary rather than a normal Robust standard errors in parentheses; * significant at 1%, ** at 5%, † at 10%, and ‡ at 15%.
good. Disentangling the reasons behind this observation is left for future research.
Are results due to wealth effects?
How much of the increase in household volatility of food consumption is due to wealth effect?
-as households grow richer, they substitute basic food items for those of higher quality (and thus more expensive goods) or into food away from home. It is difficult to say whether an increase in volatility of food away from home and a stagnant food at home would necessarily mean that the observed increase in total food consumption volatility does not have welfare implications. To answer such a question one needs to make positive rather than normative statements or at least have a model in mind. I leave this question to future research and in this paper only document the facts.
I look separately at evolution of volatility for food at home and food away from home. I use the same techniques as in the above, including separate variables for changes in prices for food at home and food away from home, as well as changes in prices of other goods. I find that volatility of food at home had increased significantly between 1970 and 2004, it rose by 13 ppts. or by 43 percent. Controlling for the household specific trend in the growth rate of food consumption as a way to get to wealth effects, I find that volatility of food consumed at home went up by 10 ppts. or by 34 percent over the period. From this simple exercise, it is clear that changes in volatility of consumption away from home are not driverd of the results.
This finding is not too surprising. Before the 1970s, food away from home was a luxury good. It constituted a very small percent of annual food expense. But, since then, while food prices fell (see Figure 6 in the Appendix), the number of fast food restaurants per capita doubled and the number of full-service restaurants per capita increased by 35% 40 These facts coupled with the increases in hours worked and increases in labor force participation, converted food away from home from luxury to normal good. In my view, it is more appropriate to look at household food expenditure as a sum of food away from home and food at home, rather than at each component separately.
Reconciling Aggregate and Household Level Data
The of these shocks between different individuals.
where V ar t (∆lnC t+1 ) is the 5-year variance of the average consumption in the economy as of time t. I assume that redistributive weights, w h , do not change over time and are equal across households, or that w i = w j = w. From this simple decomposition, it is easy to see how the current situation, in which aggregate consumption volatility fell but mean household volatility increased, might occur.
Aggregate volatility could go down while the average of individual volatilities goes up, if the average covariances fall enough to compensate for the increase in the average of individual volatilities, or if the correlation coefficients fall significantly. Figure 5 demonstrates how it is reasonable to believe that quality of consumption data was worse than in the recent decade, due to for example, the use of computers versus phone surveys.
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period for both food consumption and income data.
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To summarize, the US economy can be characterized by a fall in aggregate shocks but an increase in individual consumption and income risk over the 1970-2004 period.
Conclusions
The current study extends the literature that strives to understand the evolution of social welfare over the last thirty years by looking at the evolution of household consumption volatility. I show that volatility of household food consumption, computed as a squared residual from Euler equation increased significantly between 1970 and 2004, particularly for households headed by nonwhite or poorly educated persons. In fact, volatility for an average household increased by 20 percent and that for nonwhite households with no more than 12 years of education by 53 percent, where as for households with more than a high school degree it went up by only 2 percent. Given that volatility is computed using data on food expenditure, these are conservative estimates of volatility of total nondurable consumption.
Not all variations in consumption are detrimental to households' welfare, but some negative unpredictable shocks unambiguously are, even to households that are not liquidity constrained. Indeed, an increase in the volatility of unexpected shocks for these latter households indicates that even unconstrained households were unable to smooth consumption risk by drawing on their savings. The increase in volatility of food consumption, and its concentration among disadvantaged groups, suggests a substantial fall in welfare during this period.
A full evaluation of the attendant welfare costs and their policy implications is beyond the scope of this paper.
The increase in household consumption risk stands in sharp contrast to the dramatic fall in aggregate volatility of the US economy over the same period. I showed that a spectacular 44 It is possible that these differences come from the disparity in the skill composition among households.
Thus, in 1970, 81 percent of the nonwhite households were headed by the individual with no more than 12 years of education, and 62 percent of the white households were poorly educated. By 2004, 50 percent of the nonwhite and 37 percent of the white households were poorly educated.
fall in average covariances of consumption growth rates across households during this period accounted for the diverging paths of aggregate and household level volatilities.
There have been several significant changes in patterns of volatility in the US economy over the past several decades. Income volatility, and both its transitory and permanent components, and consumption volatility have increased, while aggregate fluctuations, risk of job loss and incidence of unemployment have fallen.
45 Possible explanations for this puzzle might include greater wage flexibility, 46 fall in progressivity of the US tax code, 47 changes in the generosity of the welfare programs especially after the reforms of 1996, and increases in costs of health care.
The current study highlights how, in the context of consumption, aggregate declines in volatility might mask greater risks borne at the household level. Resolving the reasons underlying the decline in co-movements of consumption growth rates is a key component of the future research agenda on economic volatility and welfare.
45 Recent work by Davis [2009] shows that risk of job loss in the US has fallen over the last thirty years. 46 Davis and Kahn [2008] put forward this explanation in their recent survey of evolution of volatility in macro and micro data. 47 According to Piketty and Saez [2007] the U.S. tax system became less progressive over the last 40 years.
There have also been important changes to capital taxation. For example, Dai et al. [2008] analyze the effect that the Taxpayer Relief Act of 1997 had on increase in stock return volatility. This increase, they point out, is due to the reduced risk sharing between the investors and the government, which increased consumption risk.
A Appendix: Data
A.1 Panel Study of Income Dynamics
PSID, which began in 1968, is a longitudinal study of a representative sample of U.S. individuals (men, women, and children) and the family units in which they reside, and is conducted by the University of Michigan. The PSID's sample size has grown from 4,800 families in 1968 to more than 7,000 families (and over 60,000 individuals) in 2001. Some families are followed for as much as 36 consecutive years. The PSID original sample in 1968 consisted of two independent samples: a cross-sectional national sample and a national sample of low-income families. The cross-sectional sample was drawn by the Survey Research Center (SRC), and was an equal probability sample of households from the 48 contiguous states. The second sample came from the Survey of Economic Opportunity (SEO), conducted by the Bureau of the Census for the Office of Economic Opportunity. The PSID selected about 2,000 low-income families with heads under the age of sixty from SEO respondents. In 1990, PSID added 2,000 Latino households, including families originally from Mexico, Puerto Rico, and Cuba. But in 1995 this sample was dropped due to insufficient funding.
The PSID is the only cross-sectional time-series survey that collects data on household consumption. But consumption data are limited to food and shelter. Some studies remedy this by estimating total consumption. Skinner [1987] and Blundell et al. [2008] combine PSID's food expenditure data with data from Consumer Expenditure Survey using synthetic cohorts to construct total consumption measures. Skinner [1987] estimates total consumption using CEX for each cohort by postulating that it depends on food at home, food away from home, rent if a renter, utilities, market value of the home if a homeowner, and the number of vehicles owned. He then uses the predictions from this model to estimate total consumption in PSID. Blundell et al. [2008] improve on this methodology by postulating an economically founded theoretical model of total consumption and allowing for total consumption to vary within cohort by using family, demographic and regional characteristics. Ziliak [1998] proposes to use information from PSID's Wealth Supplement (collected only in 1984, 1989, 1994 , and biennially since 1999) and PSID's income data to construct total consumption. He estimates savings using the wealth and income data and then uses these estimated savings to generate total consumption as the difference between family income and estimated savings.
But these estimation strategies have obvious limitations, the introduction of model uncertainty and extra measurement error. Since our study's main focus is on variances rather than means of household level consumption, using imputed consumption measures would distort our results in obscure ways.
Another possibility would be to use Consumer Expenditure Survey (CEX), which collects a more complete inventory of consumption data including expenditure on durables and nondurables. But its structure as a repeated cross-section makes it impossible to construct individual volatility measures that track volatility for the same individual over periods of time longer than one year. Current work on inequality utilizes CEX data by constructing synthetic cohorts. This strategy is inappropriate here as our main concern is to provide a measure of temporal volatility for each household. Synthetic cohort techniques would require aggregation within cohort, which in itself introduces a lot of data smoothing, and is exactly what we want to avoid. Due to this major limitation, we use PSID data in this study. We plan to extend our study, at later date, by combining information from both PSID and CEX surveys. The information obtained from the two surveys Summary Statistics for income and expenditures are converted to real dollars using All-Urban CPI index with base year 1982-84=100. These statistics are for random sample only, i.e. excluding both SEO and Latino samples.
will provide a more complete understanding of uncertainty faced by households in the US. Thus, we compute all our consumption volatility measures using food consumption computed as a sum of food consumed at home plus away from home plus food stamps received. We follow the literature by including food stamps in the definition of food consumed. Food consumption is also the choice variable in other studies of household consumption behavior (see Hall and Mishkin [1982] , Zeldes [1989] for earlier studies, and Hurst and Stafford [2004] , Cox et al. [2004] for examples of more recent work) and we feel that its use here is also justified on the grounds of complementarity and comparability with these studies. Another drawback of PSID data is that food consumption was not collected in 1973, in 1988 and in 1989 , in addition, the survey became biannual after 1997. We do not impute for the missing years in order to keep measurement error and misidentification to a minimum. We remedy the fact that the survey became biennial by constructing a hypothetical biennial survey, by keeping all the even years of the pre-1997 survey in addition to the data collected post-1997, for the description of the trends in the volatility measure. But the missing data do not constitute a problems for our volatility decomposition exercise since the Euler equation holds true between any two time periods.
Our core sample contains data from 1974 to 2004, and consists of heads of households (both male and female) who are not students and are not retired. We keep households whose head is at least 25 years old but less than 65. We drop all the households that belonged to the Latino sample, and those that were drawn from the Survey of Economic Opportunity (SEO). Households that report negative or zero food consumption levels (that is a sum of food at home plus away from home plus food stamps) are also eliminated. In order to minimize effects of outliers on the results, we follow the literature by dropping households who report more than 300 percent change in family income or food consumption over a one year period as well as those whose income or consumption fall by more than 33 percent (see for example Zeldes [1989] ). Summary statistics for the sample are provided in Table 5 .
A.2 Definitions of Variables and Liquidity Constraints
At the time of the interview, the respondent is asked questions about income, transfers, wealth and expenditures on food and shelter. The families are asked to report income and transfers received during the previous year. We use total family income to compute income uncertainty. We adjust income data by one period to correspond to the appropriate demographic characteristics for each household. The timing of consumption data is more ambiguous. We follow Zeldes [1989] and assume that the respondent provided information on food expenditures for the year of the survey rather than for the previous year. We use an annual average of monthly data on 1-year constant Summary Statistics for income and expenditures are converted to real dollars using All-Urban CPI index with base year 1982-84=100. These statistics are for random sample only, i.e. excluding both SEO and Latino samples.
maturity Treasury bills. All the income, expenditure, wealth, and interest rate data are expressed in real terms. Nominal data are converted into real using item specific regional not seasonally adjusted all urban Consumers Consumer Price Index (CPI-U) with base period of 1982-1984=100. Thus, food expenditures are deflated using the Food and Beverages CPI; housing expenditures, using the Housing CPI; and all income, wealth and interest rate series, using All-Items CPI. Table 6 provides official equivalence adjustments computed from poverty thresholds used by the U.S. Census Bureau. The change in this adjustment factor is used to proxy for change in the family composition, ∆N h,t+1 .
We separate our sample into liquidity constrained and unconstrained households combining Zeldes [1989] and Jappelli et al. [1998] findings. We use information on demographics and the amount of savings each household made during the year. We do two different splits. One counts households as unconstrained if they had any amount of positive savings (save=1). The second is more restrictive and includes households if they saved and if those savings equaled at least 2 months worth of family income (2mnths=1). The resolution of problems associated with endogeneity of asset holdings is left for future research.
In 1969-1972, 1975, 1979-1980 , households were asked whether they had any savings. If household responded positively to this question, they were counted as unconstrained for the first split, (save=1). Families were also asked if those savings amounted to at least 2 months of family income. If the answer was positive, these households were counted as unconstrained in our second split, (2mnths=1). We utilized data from Wealth Supplements to split the sample for years after 1980. Wealth information was collected in 1984, 1989, 1994, 1999 and biennially after that. We used information from this supplement regarding household's savings in the same manner. For the years when savings information was unavailable we used standard imputation techniques to construct the splits. Specifically, we ran a probit model to project backwards the probability of having positive savings or savings equal to 2 months of income, in order to construct the savings dummies for the missing years. These probit regressions have a good predictive power, and results available upon request. The resolution of problems associated with endogeneity of asset holdings is left for future research.
As pointed out by Jappelli et al. [1998] , households with zero or negative net worth are not necessarily constrained households, as poor household could still have access to credit cards or other lines of credit. Jappelli et al. [1998] propose to use a direct measure of liquidity constraints that relies on information of whether household was denied loans or was discouraged from borrowing or if it did not have a credit card or other lines of credit. Unfortunately, no such information is available from PSID. Thus, we complement our asset split by excluding household according to some demographic characteristics. Jappelli et al. [1998] find that households with less than college education, unemployed, or younger than 38 are more likely to be turned down for a loan. Lyons [2003] finds that although borrowing constraints relaxed since 1983 and most dramatically between 1992 and 1998, individuals younger than 35, who are black, or poorly educated continued to be constrained, though less than before.
To summarize, we split the sample into two sub-samples: constrained and unconstrained households. Constrained households are identified by having zero savings for the first split, and savings of less than 2 months worth of income for the second; and for both splits by having a head of household whose educational attainment is less than a high school diploma, who is under 35 years of age, or who is unemployed.
We allow households to belong to both groups during their sample life depending on the state of their wealth. Thus, if a household with positive savings one year has zero savings the next year, it will be a part of unconstrained and then constrained group. In practice, according to the first split (save=1) only 5 percent of households moved from unconstrained to constrained group, while about 35 percent moved from being constrained to unconstrained in our sample. If we consider the second split, (2mnths=1), these numbers are more pronounced, 24 percent of households transitioned from having savings of at least 2 months of family income to having less than 2 months worth of savings; and only 11 percent transitioned from being constrained to becoming unconstrained. On average, about 13 percent of households are counted as constrained in 1980 and 14 percent in 2001 according to our first measure; and 50 versus 80 percent, respectively, according to the second measure. Summary statistics for constrained and unconstrained households can be found in Table 7 . Heteroskedasticity and autocorrelation robust standard errors using the Bartlett kernel with bandwidth of T 1/3 = 3 in parentheses; * significant at 1%, ** at 5%, † at 10%, and ‡ at 15%. Heteroskedasticity and autocorrelation robust standard errors using the Bartlett kernel with bandwidth of T 1/3 = 3 in parentheses; * significant at 1%, ** at 5%, † at 10%, and ‡ at 15%. Heteroskedasticity and autocorrelation robust standard errors using the Bartlett kernel with bandwidth of T 1/3 = 3 in parentheses; * significant at 1%, ** at 5%, † at 10%, and ‡ at 15%. Note: Consumption risk is computed from the entire sample or for sample with no change in marital status. All regressions in this table assume that coefficients estimated from the Euler equation are the same for all groups. Robust standard errors in parentheses; * significant at 1%, ** at 5%, † at 10%, and ‡ at 15%. Note: Consumption risk is computed from the sample of households headed by individual with edu ≤ 12 or edu > 12. All regressions in this table assume that coefficients estimated from the Euler equation are the same for all groups. Robust standard errors in parentheses; * significant at 1%, ** at 5%, † at 10%, and ‡ at 15%.
A.3 Supplementary Figures
A.4 Supplementary Tables
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